A Behavioral Model of Bubbles and Crashes by Kaizoji, Taisei (kaizoji@icu.ac.jp)
 
HPSLULFDOHYLGHQFHVRQWKHPRPHQWXPWUDGLQJSRVLWLYHIHHGEDFNWUDGLQJSURYHWKH
H[LVWHQFH RI WKH WUDGHUV¶ KHUG EHKDYLRU DQG KHUGLQJ KDYH SRWHQWLDO WR H[SODLQ
VSHFXODWLYHEXEEOHVVHHIRUH[DPSOH'H/RQJHWDO7KHVHHPSLULFDOILQGLQJV
DUH FRQVLVWHQW ZLWK H[SHULPHQWV LQ ODERUDWRU\ DVVHW PDUNHWV FRQGXFWHG 6PLWK
6XFKDQHNDQG:LOOLDPVILQGWKDWDEXEEOHVDQGFUDVKHVRFFXUUHJXODUO\LQ
ODERUDWRU\DVVHWPDUNHWVZKHQPDUNHWSDUWLFLSDQWVDUHLQH[SHULHQFHGEXWESULFH
JUDGXDOO\ DSSURDFK IXQGDPHQWDOV ZKHQ WKH SDUWLFLSDQWV ZKR KDYH H[SHULHQFHG
EXEEOHVDQGFUDVKHVLQSULRUWUDGLQJVHVVLRQVLQWHUDFWUHSHDWHGO\LQVLPLODUPDUNHWV
+DUXY\/DKDYDQG1RXVVDLUILQGVWKDWWKHLQYHVWRUV¶H[SHFWDWLRQVRISULFHV










PRGHOV RI DVVHW EXEEOHV IRU H[DPSOHV 'H/RQJ HW DO  DQG $EUHX DQG
%UXQQHUPHLHU:H FRQVLGHUWKDW LQYHVWRUV WUDGHWKUHH DVVHWVWKHEXEEOH
DVVHWWKHQRQEXEEOHDVVHWDQGWKHULVNIUHHDVVHW,QYHVWRUVDUHGLYLGHGLQWRWZR
JURXSV UDWLRQDO LQYHVWRUV DQG QRLVH WUDGHUV 7KH UDWLRQDO LQYHVWRUV DUH













­    °
®
   ° ¯

ZKHUH L H LVDUDQGRPYDULDEOH7KHQRLVHWUDGHUDWWDFKHVDYDOXH L 8 WRHDFKRIWZR
DOWHUQDWLYHVWKDWLVKROGLQJWKHEXEEOHVWRFNVODEHOHGDQGKROGLQJWKHULVNIUHH
DVVHWODEHOHG㧙
$ FRPPRQSURFHGXUH XVHG LQERWK HFRQRPLFVDQG ILQDQFH LVWR DVVXPH WKH




UHSHDWHGO\ ZLWK WKH VDPH DOWHUQDWLYH VHW 7KH VDPH LQGLYLGXDO PDNHV GLIIHUHQW
FKRLFHV6HFRQGLVWKDWWKHUHDUHXQREVHUYHGFKDUDFWHULVWLFVRIWKHLQGLYLGXDODQG
XQREVHUYHG DWWULEXWHV RI WKH DOWHUQDWLYHV *LYHQ WKH VSHFLILFDWLRQ RI WKH XWLOLW\
IXQFWLRQHDFKQRLVHWUDGHULVDVVXPHGWRFKRRVHWKHDOWHUQDWLYHWKDWPD[LPL]HVKLV
XWLOLW\7KH PD[LPL]DWLRQ RI WKHUDQGRPXWLOLW\JLYHV WKH SUREDELOLW\ ZLWKZKLFK
HDFKDOWHUQDWLYHLVFKRVHQ7KHSUREDELOLW\WKDWKHFKRRVHVHDFKDOWHUQDWLYHLVJLYHQ
DV
3U> @ 3U> @
3U> @ 3U> @
3 8 8 8 8
3 8 8 8 8
H H
H H
      
      
­   !    t  °
®
  !    t  ° ¯

ZKHUH  3 3      
:HDVVXPHWKDWLQGLYLGXDOQRLVHWUDGHU¶VGHFLVLRQPDNLQJLVLQIOXHQFHGE\LWKH
RWKHUQRLVHWUDGHUVDQGLLWKHUHWXUQPRPHQWXPRQWKHEXEEOHDVVHW7RGHVFULEHD
QRLVHWUDGHU¶V XWLOLW\ IXQFWLRQ ZKLFK LV FRPSRVHG RI WKRVH GHWHUPLQDQWV OHW XV
LQWURGXFHDQHZYDULDEOHVWKDWGHQRWHVWKHQRUPDOL]HGH[FHVVRIWKHEXEEOHDVVHW
KROGHUVRYHUKROGHUVRIULVNIUHHDVVHWZKLFKLVGHILQHGDV    W W W V Q Q 1      ZKHUH
W Q LVWKHQXPEHURIEXEEOHVWRFNVKROGHUV W Q LVQXPEHURIWUDGHUVSRVVHVVLQJE\











­    °
®
    ° ¯

ZKHUHWKHSDUDPHWHUO LVDVVXPHGWREHSRVLWLYHDQGFRQVWDQW*LYHQO LVDSRVLWLYH
DQLQFUHDVHLQ W V UDLVHVWKHXWLOLW\RIKROGLQJWKHEXEEOHDVVHWDQGUHGXFHVWKHXWLOLW\
RIKROGLQJWKHULVNIUHHDVVHWLQWKHGLUHFWLRQRIWKHPLQRULW\GHFLVLRQ7KLVPHDQV
WKDW WKH QRLVH WUDGHU KDV D WHQGHQF\ WR EH LQ IDYRU RI WKH PDMRULW\ GHFLVLRQ




   
L
W W L I
L




    ¦ 
ZKHUH I U GHQRWHVWKHLQWHUHVWUDWHRIWKHULVNIUHHDVVHW7KHUHWXUQPRPHQWXP W + RI
WKHEXEEOHDVVHWLVHTXLYDOHQWWR
        W W W I W + + U U + + T T            
ZKHUH  T   ,WPHDQVWKDWWKHQRLVHWUDGHU¶VH[SHFWDWLRQRQWKHULVNSUHPLXPLV
DGDSWLYH






0F)DGGHQKDVVKRZQWKDWLIWKHUDQGRPYDULDEOH L H DUHLQGHSHQGHQWO\
DQGLGHQWLFDOO\GLVWULEXWHGZLWKWKH*XPEHOOGLVWULEXWLRQ








8VLQJWKHWUDQVLWLRQSUREDELOLWLHVWKHHTXDWLRQIRUWKHGLVWULEXWLRQ   W S V RIVWRFKDVWLF
SURFHVVRIVLVGHVFULEHGE\

     >        @
>        @
W W W W W W
W W W W
S V S V Z V V S V V Z V S V
Z V V S V V Z V S V
 p p
n n
   ' ' 
 ' ' 
 
ZKHUH
>  @        

          

           

         

W W W W W W W
W W W W W W W
W W W W W W W
W W W W W W
1
Z V V V Z V Q S V V S V
1
Z V Z V V V Q S V V S V
1
Z V V Z V V V Q S V V V V S V V
1









' m {     
{ ' m     
' { m '   '    ' '
' { m '   '    '  
  
W
W W W W
V V












c c m   z r' °
° ¯

ZKHUH   V 1 '   
7KHHTXDWLRQLVFDOOHGDVWKHPDVWHUHTXDWLRQ6HH*DUGLQHU:KHQWKH
QXPEHU RIQRLVH WUDGHUVLVODUJH WKHHTXDWLRQ LVHTXLYDOHQW WRWKHG\QDPLF
HTXDWLRQRIWKHPHDQ ÖW V RI   W S V VHH:HLGOLFKDQG+DDJ

  Ö Ö Ö Ö Ö >WDQK  @ W W W W W W V V V V + V Q O   ' {      

ZKHUH Ö Ö Ö   W W W V Q Q 1




IUHH DVVHW 7KH VROXWLRQ RI  FRUUHVSRQGV WR WKH PD[LPXP RI WKH VWDWLRQDU\
GLVWULEXWLRQ   VW W S V RIWKHPDVWHUHTXDWLRQDQGWKHHTXDWLRQRIGHVFULEHV
WKHFROOHFWLYHEHKDYLRURIWKHUHSUHVHQWDWLYHQRLVHWUDGHU
8VLQJ WKH GLIIHUHQFH RI ÖW V IURP SHULRG W WR SHULRG W WKH DJJUHJDWH H[FHVV
GHPDQGIRUWKHEXEEOHDVVHWE\DOOQRLVHWUDGHUVLVGHILQHGDV
 
    Ö Ö Ö Ö

W W W W
41
4 Q Q V V
 











LL LQGLFDWH WKH QRLVHWUDGHU¶V WUDQVLWLRQ SUREDELOLW\ GHSHQGV RQ WKH YDULDEOHV
O DQG W + )RUVLPSOLFLW\RIDQDO\VLVOHWXVDVVXPHWKDWWKHUHWXUQPRPHQWXP W + LVD
SDUDPHWHU+ 7KH VROXWLRQVRI WKHPHDQHTXDWLRQ  FDQEHVXPPDUL]HG ZLWK
UHVSHFWWRO DQG+ DVIROORZV

L 7KHFDVHRI     O DQGDUELWUDU\ + 
7KHUH LVRQO\RQH SRVVLEOH VROXWLRQ


 V 7KHVROXWLRQFRUUHVSRQGVWR WKH
PD[LPXP RI WKH VWDWLRQDU\ GLVWULEXWLRQ   VW W S V  )RU  W +   DQG     O 
WKHRQO\RQHSRVVLEOHVROXWLRQLV]HUR




SORWWHG IRU  O  DQG WKH GLIIHUHQW YDOXHV RI +   :KHQ WKH UHWXUQ
PRPHQWXP + LV SRVLWLYH QHJDWLYH WKH VROXWLRQ PRYHV IURP ]HUR WR D
SRVLWLYHYDOXHDQHJDWLYHYDOXH

LL 7KHFDVHRI  ! O DQG + +   





















DSSHDUV WKH EHDUPDUNHW HTXLOLEULXP






  V ! $VO H[FHHGVXQLW\WKHVWDWLRQDU\GLVWULEXWLRQ   VW W S V 
LVIURPXQLPRGDOWRPXOWLPRGDO7KLVELIXUFDWLRQLVFDOOHGDVWKHVHFRQG
RUGHUSKDVHWUDQVLWLRQ,Q)LJXUHWKHJUDSKLFDOVROXWLRQWRLVSORWWHG
IRU  O ! 









 V V V   FRLQFLGHDW   F V O O   r  





LY 7KHUHFDVHRI  ! O DQG + + ! 
7KHUHLVRQHVROXWLRQDJDLQ:KHQ  ! O DQG + LVQHJDWLYHDQGGHFUHDVLQJ



























   
     
   
     
Ö Ö >        @ 
 
>        @ 
W W
W WW W W W
W W
W W W
S S 41 0 41
0 [ V ( S ( S V
$ T T
S S 0








' ' ­ '  '   '   '   '   °
°










      

     
  
  
Ö >  @
Ö >  @
Ö Ö Ö Ö Ö >WDQK  @
>  @
W W W W W
W W W W W
W W W W W W
W W W W I W
S S S T V ( S
S S S T V ( S
V V V V + V









­' {    '  '
°
' {    '  ' °
®
' {      °







N    :H DVVXPH WKDW WKH WHUP    MW ( S  '  ZKLFK LV WKH FKDQJH RI WKH
IXQGDPHQWDOSULFHVRIWKHULVN\DVVHWV7KHWHUPVDUHRIWHQFRQVLGHUHGDVDUDQGRP
YDULDEOHZKLFKIOXFWXDWHV+RZHYHUIRUVLPSOLFLW\RIDQDO\VLVZHFRQVLGHUWKHWHUPV
DUHFRQVWDQWRYHUWLPHWKDWLV       MW ( S M  '     7KHQWKHSULFHFKDQJHVRI
WKHULVN\DVVHWVGHSHQGFRPSOHWHO\RQ ÖW V ' 6LQFH

  TJV N ! WKHSULFHFKDQJH W S ' RI
WKH EXEEOH DVVHW LQFUHDVHV GHFUHDVHV SURSRUWLRQDOO\ ZLWK UHVSHFW WR ÖW V '  DQG
IRU
  U ! IRU
  U  WKH SULFH FKDQJH W S ' RI WKH QRQEXEEOH DVVHW LV SRVLWLYHO\
QHJDWLYHO\FRUUHODWHGZLWK ÖW V ' ,IRQHQRLVHWUDGHUFKDQJHVIURPDKROGHURIWKH 












  U ! 








  V   LV XQVWDEOH DQG DSSHDUV QHZO\ WZR VROXWLRQV WKH EHDUPDUNHW
VROXWLRQ





  V ! ERWK RIZKLFKDUH VWDEOHXQGHU




  V   'HSHQGLQJ RQ WKHYDOXH RI  Ö V DW WKH
LQLWLDOWLPHWKHEXEEOHDVVHWFDQHLWKHUHQWHUDEXOOPDUNHWRUDEHDUPDUNHW7KDWLV
ZKHQWKHLQLWLDOYDOXHRI  Ö V LVSRVLWLYHWKHSULFHRIWKHEXEEOHDVVHWUDLVHDQGHQWHUD
EXEEOH SKDVH DQG YLVD YHUVD 5XQXS LQ WKH EXEEOHDVVHW SULFH W S LV GXH WR
LQFUHDVHVLQWKHQRLVHWUDGHUV¶H[FHVVGHPDQG Ö   W 41 V ' IRUWKHEXEEOHDVVHWDQGLW





  V ! 7KHDJJUHJDWHGHPDQGIRUWKHEXEEOH
DVVHWE\QRLVHWUDGHUVLVLQFUHDVHGIXUWKHUGXHWRWKHQRLVHWUDGHUV¶KHUGLQJ$VWKH
QRLVHWUDGHUV¶H[FHVVGHPDQGIRUWKHEXEEOHDVVHWLVSRVLWLYHDQGLQFUHDVHVWKHSULFH
W S RI WKH EXEEOH DVVHW LQFUHDVHV DQG LV RYHUHYDOXDWHG 7KXV WKH
PRPHQWXP W + LQFUHDVHVLQWKHILUVWKDOIRIEXEEOHV7KLVLQIODWLRQDU\VSLUDOJLYHV
FDXVH WR WKH DVVHW EXEEOH )RU  ! O DQG W + + ! WKH EHDUPDUNHW HTXLOLEULXP
GLVDSSHDUVDQGWKHEXOOPDUNHWHTXLOLEULXPLVXQLTXHDQGVWDEOH7KXVWKHEXEEOH
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